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Description 

The present invention relates to a cryostat and, more particularly, to a cryostat formed of a fiber-glass 
reinforced plastic. 

5 A cryostat is used when cryogenic fluid, e.g., liquid helium used for cooling a superconducting device, 

liquid nitrogen, liquid oxygen, or liquefied natural gas used for the other utilities, is stored and transported. 
The cryostat should be formed of a material which can endure the temperature (4.2°K for the liquid helium) 
of such a cryogenic fluid. 

Metallic materials and organic materials generally tend to increase their tensile strength in the vicinity 
10 of the cryogenic temperature. At the same time, however, they are brittle and their elongation is reduced. 
Since general organic materials in particular has heat transfer coefficients ten to hundred times lower than 
those of metallic material, they have relatively low heat losses due to heat conduction. They are 
accordingly considered to be adequate for storing cryogenic fluid. However, the material should be 
considerably thicker than the metal so as to provide a structure having a predetermined tensile strength. 
15 The conventional cryostats have been composed of metallic materials, e.g., stainless steel, at the cost 
of heat loss characteristic of the metallic materials. When a cryogenic device e.g., a superconducting pulse 
magnet (used for a troidal coil for a nuclear fusion reactor) producing change with time of a magnetic field 
is operated in a metallic cryostat, an eddy current will flow due to its electromagnetic induction in the 
metallic cryostat, and cryogenic fluid, e.g., liquid helium contained in the cryostat, is disadvantageously 
20 evaporated due to the Joule's heat of the eddy current. This is the result of the electric conductivity of the 
metal. 

GB— A— 1 294 995 is disclosing a vacuum-insulated container comprising an outer tank and an inner 
tank surrounded by said outer tank, said inner tank being in contact with a cryogenic fluid and formed of 
fiberglass reinforced polyester resin. However, the polyester material used in GB — A — 1 294 995 is 
25 thermoplastic. The polyester material obtained by reinforcing a thermoplastic polyester with glass fibers 
may certainly withstand low temperature to some extent, but is incapable of withstanding the extremely 
low temperature of liquid helium which is 4.2 K. 

FR— A— 2 383 202 is disclosing a vinyl polyester resin similar in chemical structure to the resin used in 
the present invention. However, a FR— A— 2 383 202 does not teach at ail that the particular resin can be 
30 used for forming a cryostat. 

Accordingly, it is an object of the present invention to provide a cryostat which has excellent thermal 
and electrical insulation and which is able to withstand such a low temperature as the temperature of liquid 
helium. 

It is another object of the present invention to provide a cryostat having a light weight and excellent 
35 strength characteristic. 

It is still another object of the present invention to provide a cryostat adapted for a large size. 
In order to achieve the above and other objects, a cryostat comprising an inner tank in direct contact 
with a cryogenic fluid and an outer tank surrounding the inner tank is provided according to the present 
invention. The inner tank is formed of fiber-glass reinforced vinyl polyester resin having vinyl ester groups 
40 at both terminal ends. The outer tank is formed preferably of similar fiber-glass reinforced vinyl polyester 
resin. 

The cryostat according to the present invention does not crack even if it stores the cryogenic fluid over 
a relatively long period of time. Its heat insulation property is also satisfactory. Because the cryostat of the 
invention is made of material having excellent electrical insulation, the problem of evaporating cryogenic 
45 fluid due to Joule's heat as observed in the cryostat made of metallic material does not occur. 

This invention can be more fully understood from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

Fig. 1 is a schematic sectional view of the cryostat according to one preferred embodiment of the 
present invention; and 

50 Fig. 2 is a graph showing the performance of the cryostat of the present invention. 

The present invention will now be described in more detail with reference to the accompanying 
drawings. 

A cryostat 10 shown in Fig. 1 comprises an inner tank 12 and an outer tank 16 which surrounds the 
inner tank 12. The inner tank 12 is formed of fiber-glass reinforced vinyl polyester resin. The vinyl polyester 
55 resin differs from so-called "unsaturated polyester resin", but has vinyl ester groups at both terminal ends. 
It does not, however, have an unsaturated bond in a main chain. The preferable vinyl polyester is 
represented by the following formula: 
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where n is 1 to 4. This polyester is available commerciaiiy under, for example, the trade name "Ripoxy 
R802" from Showa High Polymer Co,, Ltd. of Japan. 

In order to produce the inner tank 12 with the vinyl polyester resin, a method well known in the art can 
be used. Most preferably, the inner tank 12 is formed integrally without joints by using a hand lay-up 
5 process. The hand lay-up process is, as is well known, a process for superposing glass fiber mats, cloths, 
roving cloths or the like adhered with the resin in multiple layers by laminating with a brush or roller. For 
example, four layers of cloth impregnated with the resin and four layers of roving cloth impregnated with 
the resin are alternately laminated between two surface mats also impregnated with the resin, thereby 
obtaining a ten-layer inner tank which is 12 mm thick. Or, the inner tank 12 may be formed integrally 
to without joints by combining the hand lay-up process and the filament winding process. For example, if the 
inner tank 12 has a semispherical bottom and a cylindrical body as shown in Fig. 1, the bottom may be 
formed by the hand lay-up process, while the body may be formed by the filament winding process. 
Thereafter, the bottom and the body are formed by laminating the glass cloth or mat impregnated with the 
polyester resin alternately at the end. The filament winding process involves, as is well known, winding the 
15 glass fiber adhered with the resin on a mandrel. 

The vinyl polymer is hardened or cured by mixing a small amount (e.g., 1% to 2%) of hardener, e.g., 
methyl ethyl ketone peroxide in advance in the resin. 

The glass content of the fiber-glass reinforced vinyl polyester forming the inner tank 12 is normally 
30% to 50% by weight and preferably 45% to 50% by weight. 
20 The outer tank 16 is formed of the same fiber-glass reinforced vinyl polyester resin as the inner tank 12. 

The outer tank 16 has an exhaust tube 20 on which a vacuum-sealing valve 22 is mounted. 

The inner and outer tanks 12 and 16 are securely fixed at the flanges 14 and 18 with bolts 42 and 44. 

A superinsuiation 24 is wound around the outer surface of the inner tank 12. The superinsulation 24 
may comprise a plurality of, for example, 100 polyester thin sheets having aluminum thin films vapor- 
25 deposited on their both surfaces. The superinsulation can prevent heat from entering from the exterior of 
the inner tank 12. . 

The open end of the cryostat 10 is closed with a cover 46 similarly formed of the fiber-glass reinforced 

vinyl polyester resin. 

Cryogenic fluid 26, e.g., liquid helium, is contained in the inner tank 1 2 of the cryostat 10, and cryogenic 
30 device 28, e.g. a superconducting pulse magnet, is immersed in the fluid 26. A heat insulator 30 made of, 
for example, hard polyurethane, is installed at the upper of the liquid surface of the fluid 26 for preventing 
the thermal invasion from the open end side. The cryogenic device 28 is suspended via suspension 
members 32, 34 passing through the cover 46 and the heat insulator 30. A pair of leads 36, 38 extend from 
the cryogenic device 28 to the outside of the cryostat 10, and are connected at their terminals 36a and 38a to 
35 a power source 40. Electric currents of, for example, 2,000 A (which corresponds to heat invasion amount of 
2W) are flowed from the power source 40 through the leads 36 and 38 respectively to the cryogenic device 
28. After the space between the inner tank 12 and the outer tank 15 is evacuated from the exhaust tube 20 
by a vacuum pump (not shown), the valve 22 is then closed. Thus, a vacuum heat insulating layer 48 is 
formed. 

40 When a thermal cycle is applied to the cryostat thus constructed, no crack occurs. The degree ot 

vacuum of the vacuum heat insulating layer is very high in the state that the vacuum-sealing valve is sealed 
when the liquid helium is contained in the inner tank. The heat invasion amount is very small since the tank 
is mainly formed of organic material. Inasmuch as an eddy current will not flow due to the electromagnetic 
induction in the cryostat formed of fiber-glass reinforced vinyl polyester resin, the quantity of evaporated 

^5 liquid helium is very small as compared with the cryostat made of metallic material, e.g., stainless steel. 

Example 

An inner tank having a height of 1,600 mm and an inner diameter of 620 mm was produced by 
alternately laminating each of the four glass clothes and each of the four roving clothes impregnated with 
50 Ripoxy R802® between two glass surface mats impregnated with Ripoxy R802®. The glass content of the 
inner tank was 50% by weight. The inner tank was subjected to a thermal cycle of from liquid nitrogen 
temperature to room temperature or vice versa five times by charging and discharging liquid nitrogen. No 
crack was formed. 

A tank was produced in the same manner as above except that an ordinary unsaturated polyester resin 
55 was used instead of Ripoxy R802®. The same thermal tests were conducted. This time, cracks were formed. 

100 sheet of polyester films deposited with aluminum on both surfaces were wound around the outer 
surface of the inner tank produced according to the present invention. A cryostat was produced by 
combining the outer tank similarly produced with the inner tank. When liquid nitrogen was filled in the 
cryostat, the degree of vacuum of the space between the inner tank and the outer tank decreased to less 
60 than 8 x 10" 5 Pa. 

When the liquid nitrogen was exhausted, a pulse magnet was installed in the inner tank, into which 
liquid helium was then filled. The change with time of the surface level of the liquid helium was examined. 
The results are shown in Fig. 2. A curve a represents the result of the first operation, a curve b represents 
the result of the second operation, and a curve c represents the result of the third operation. The total heat 
65 invasion amount was calculated to be 5.4W from the change of the surface level. Because 2W of heat was 
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invaded from each lead, the heat invasion amount other than that from the leads can be calculated to be 
only 1.4W (5.4W— 4W). There was little variation in the degree of vacuum in the space between the inner 

tank and the outer tank. . u«..m 

The present invention has been described with reference to the embodiments, but it should not be 
limited thereto. For example, the outer tank 16 may be formed of the material other than the fiber-glass 
reinforced vinyl polyester, e.g., metallic material (stainless steel, etc.) or other fiber-glass reinforced plastic. 

Claims 

1 A cryostat for storing cryogenic fluid comprising an outertank (16) and an innertank (12) surrounded 
by said outer tank, said inner tank being in contact with a cryogenic fluid and formed of fiber-glass 
reinforced polyester resin, characterized in that said polyester resin is a vinyl resin having vinyl ester 
qroups at both terminal ends. . . 

2. The cryostat according to claim 1, wherein said vinyl polyester resin is represented by the formula. 
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wherein n is 1 to 4. . _ no/ cno/ . 

3. The cryostat according to claim 2, wherein said fiber-glass reinforced resin contains 30% to 50 /o by 

We ' 9 4 h Vhe 9 cr^ostat according to any of claims 1 to 3 r wherein said outer tank is formed of fiber-glass 
reinforced vinyl polyester resin. . . . 

5. The cryostat according to claim 1, wherein said vinyl polyester resin forming said outer tank is 

represented by the formula: 
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where n is 1 to 4. 

6. A cryogenic apparatus comprising: 
a cryostat (10) according to claim 1, 

a cryogenic fluid (26) contained in the inner tank (1) of said cryostat (10), 

a cryogenic device (28) immersed in said cryogenic fluid (26) and means (32, 34, 36, 38, 40) for 
operating said cryogenic device (28). 

7. The apparatus according to claim 6, wherein said vinyl polyester resin is represented by the 

following formula; 
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wherein n is 1 to 4. 

8. The apparatus according to claim 6 or 7, wherein said fiber-glass reinforced resin contains 30% to 
50% by weight of glass content. 



Patentanspruche 

1 Kryostatzum Lagern eines Kalteerzeugungsfluidums aus einem AuGentank (16) und einem von dem 
Aufcentank umgegebenen Innentank (12), der mit einem Kalteerzeugungsfluidum in Beruhrung steht und 
aus einem glasfaserverstarkten Polyesterharz besteht, dadurch gekennzeichnet, daB das Polyesterharz aus 
einem Vinylharz mit Vinylestergruppen an beiden Enden besteht. 

2. Kryostat nach Anspruch 1, dadurch gekennzeichnet, daft das Vinylpolyesterharz der Forme! 
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worin n = 1 bis 4, entspricht. 

3. Kryostat nach Anspruch 2, dadurch gekennzeichnet, daft das glasfaserverstarkte Harz 30 bis 50 Gew.- 

% Glas enthalt. , a o 

4. Kryostat nach einem der Anspruche 1 bis 3, dadurch gekennzeichnet, daft der Auftentank aus einem 
glasfaserverstarkten Vinyipolyesterharz besteht. 

5. Kryostat nach Anspruch 1, dadurch gekennzeichnet, daft das den Auftentank bildende Vinyi- 
polyesterharz der Formel: 



H 2 C=CH-C-0-CH 2 -CH-CH 2 -OH^-C-H^-0 
OH CH, 



■CH 2 -CH-CH 2 -0-C-CH=CH 2 
OH 



worin n = 1 bis 4, entspricht. 

6. Kalteerzeugungsvorrichtung aus einem Kryostaten (10) nach Anspruch 1, einem im Innentank (1 ) des 
25 Kryostaten (10) enthaltenen Kalteerzeugungsfiuidum (26), einer in das Kalteerzeugungsfiuidum (26) 

eintauchenden Kalteerzeugungseinrichtung (28) und Einrichtungen (32, 34, 36, 38, 40) zum Betreiben der 
Kalteerzeugungseinrichtung (28). 

7. Vorrichtung nach Anspruch 6, dadurch gekennzeichnet, daft das Vinyipolyesterharz der Formel: 
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worin n = 1 bis 4, entspricht 

8. Vorrichtung nach Anspruch 6 oder 7, dadurch gekennzeichnet, daft das glasfaserverstarkte Harz 30 

bis 50 Gew.-% Glas enthalt. 
Revendications 

1. Un cryostat pour le stockage d'un liquide cryog«§nique comprenant un reservoir exterieur (16) et un 
reservoir interieur (12) entoure par le reservoir exterieur, ce reservoir interieur <§tant en contact avec un 
liquide cryogenique et etant forme d'une resine de polyester renforcee par des fibres de verre, ce cryostat 
se caracterisant en ce que ladite resine de polyester est une resine vinyiique portant des groupes esters 
vinyliques aux deux extremites. 

2. Le cryostat selon la revendication 1 , dans lequel la resine de polyester vinyhque en question repond 

a la formule 
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^ 2, dans leque. ,a resine renforcee par des fibres de verre contient 

30 a 4 5 °Le° cr^osTafseteri'une quelconque des revendications 1 a 3, dans lequel le reservoir exterieur est 
forme de resine de polyester vinyiique renforcee par des fibres de verre. , Q 
5. Le cryostat selon la revendication 1, dans lequel la resine de polyester vmyl.que const.tuant le 
reservoir exterieur repond a la formule 
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dans laquelle n a une valeur de 1 a 4. 

6. Un appareil cryogenique comprenant: 

— un cryostat (10) selon ia revendication 1, 

— un liquide cryogenique (26) contenu dans le reservoir interieur (1) du cryostat (10), 

— un dispositif cryogenique (28) immerge dans ie liquide cryogenique (26), et 

— des dispositifs (32, 34, 36, 38, 40) pour le fonctionnement dudit dispositif cryogenique (28). 

7. Un appareil selon ia revendication 6, dans lequel la resine de polyester vinylique repond a la formule 
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25 dans laquelle n a une valeur de 1 a 4. 

8. Un appareil selon la revendication 6 ou 7, dans lequel la resine renforcee par des fibres de verre 
contient 30 a 50% en poids de verre. 
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